Studies were conducted to determine whether encephalomyocarditis virus infection causes proteolytic cleavage of any of the polypeptides which comprise eucaryotic initiation factor 4F. Since no such alterations in the components of the initiation factor were detected, these observations confirmed that the mechanisms whereby encephalomyocarditis virus and poliovirus shut off host translation are different.
The mechanism by which poliovirus infection shuts off host cellular translation has been widely studied (2, 4, 5, 7, 8, 13, 17, 19, 20) . Most investigators agree that the primary event responsible for the shutoff phenomenon is likely to be the proteolytic cleavage of the 220,000 Mr component (p220) of eucaryotic initiation factor 4F (eIF-4F). This cleavage appears to inactivate eIF-4F, thereby preventing the translation of capped mRNAs. Since virtually all host mRNAs are capped, whereas poliovirus mRNA is not (9, 16) , this single event could easily account for the specificity of the shutoff phenomenon.
In view of the simplicity and elegance of this mechanism, it was disturbing to find that encephalomyocarditis virus (EMC) infection did not appear to produce the same result (10, 11, 14, 18) . Specifically, no evidence for the inactivation of the ability to translate capped mRNAs could be detected in EMC-infected HeLa cells. In contrast, virtually complete inactivation was observed in the poliovirus-infected control (10) . Although these experiments demonstrate a difference in the effects of EMC and poliovirus infections on the ability to translate capped mRNAs, it seemed important to determine whether structural changes in eIF-4F components might still be induced by EMC infection. To this end, we assayed for the proteolytic cleavage of eIF-4F p220 in EMC-infected L cells by two different techniques.
To determine whether endogenous p220 is cleaved in EMC-infected L cells, the immunoblotting procedure previously described was employed (5) . Briefly, L cells were infected with EMC at a multiplicity of 20 PFU per cell as described before (11) . After 4 h, when both the shutoff of host translation and the rate of viral translation were maximal, infected and mock-infected cells were lysed, and proteins were analyzed by sodium dodecylsulfate-polyacrylamide gel electrophoresis. Proteins in these electrophoretograms were then electroblotted onto a nitrocellulose sheet. The presence of p220 or its cleavage products was then detected in these Western blots with an affinity-purified antibody to p220 (15) , followed by exposure to 125I-labeled rabbit anti-goat immunoglobulin G (IgG) and autoradiography. A typical experimental result is shown in Fig. 1 with EMC (or mock infected), and lysates were prepared 4 h postinfection as previously described (11) . These lysates were assayed for p220 by the Western blotting technique with an affinity-purified antibody against rabbit p220 as previously described (5, 15) . This antibody cross-reacts strongly with both mouse and human p220 (data not shown). The (12) , then incubated with lysates prepared from infected and mock-infected cells. The fate of labeled peptides in these reactions was then determined by sodium dodecylsulfate-polyacrylamide gel electrpphoresis and fluorography as previously described (11) . Lanes contained the following lysates: 1, poliovirus-infected HeLa cell; 2, mock-infected HeLa cell; 3, EMC-infected L cell; 4, mock-infected L cell; 5, equal portions of poliovirus-infected HeLa cell and EMC-infected L cell. The p220, p48, and p24 components of eIF-4F are indicated. The only identifiable cleavage product (c.p.) generated in poliovirus-infected lysates is also indicated.
(mock infected). Thus, whereas minimal (less than 1%) cleavage of p220 occurred in EMC-infected cells, in rhinovirus (as in poliovirus)-infected cells virtually 100% of the p220 was cleaved. The cleavage of p220 in rhinovirus type 1cells was observed previously by Etchison and Fout (4a).
Whereas these experiments indicated that p220 was not cleaved as a result of EMC infection, they did not rule out the possibility that other components of eIF-4F are altered. To test for this possibility, highly purified eIF-4F (6) was radiolabeled with H214CO and reduced with NaCNBH3 (12) . Samples of this factor were then incubated with lysates prepared from infected or mock-infected cells. Approximately 1 pg of labeled factor was added to a 25-pI reaction mixture containing 10 IL of infected or mock-infected cell lysate, 18 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES) buffer (pH 7.5), 2.5 mM Mg(OAc)2, 100 mM KOAc, 0.05 mg of spermidine per ml, 0.16 mg of creatine phosphokinase per ml, 10 mM creatine phosphate, 1 mM ATP, 0.6 mM CTP, 0.1 mM GTP, and 0.4 mM dithiothreitol; reaction mixtures were incubated for 2 h at 30°C. The products of these reactions were analyzed by sodium dodecylsulfate-polyacrylamide gel electrophoresis and fluorography. A typical result is shown in Fig. 2 . The results of a control experiment with poliovirus-infected HeLa cell lysates prepared as previously described (10) are shown in lane 1 (poliovirus infected) and lane 2 (mock infected). Under the conditions of the assay, most of the p220 band was cleaved by the poliovirus-infected lysate. The only obvious product of this cleavage was the band labeled c.p. in Fig. 2 . In contrast, lysates from EMC-infected L cells had no detectable effect on any of the laheled eIF-4F bands, as is evident in lane 3 (EMC infected) and lane 4 (mock infected). The lack of protease activity in the EMC-infected lysate was not due to the presence of an inhibitor, since an equipartite mixture of EMC-and poliovirus-infected lysates still resulted in the cleavage of p220 (lane 5). In separate experiments, all lysates were active in translating both endogenous and exogenous messages and in processing viral polypeptide precursors (data not shown). These results confirmed and extended those shown in Fig. 1 ; in neither case was any evidence for the proteolysis of eIF-4F components detected in EMC-infected cells.
It may be concluded on the basis of these experiments that the mechanisms by which poliovirus and EMC shut off host cell translation are distinctly different. This finding confirmed those of previous studies that employed activity assays (10) . Whereas the mechanism employed by poliovirus may be simply the inactivation of eIF-4F via proteolysis, that induced by EMC is more complex and actually may involve more than one effect (1, 3, 10, 11). We cannot at present rule out the possibility that EMC infection results in some other type of modification of eIF-4F. For example, phosphorylation of eIF-4F seemed an attractive possibility.
It will be of interest to see which other types of viruses have adopted the poliovirus-type shutoff mechanism. Thus far, only rhinovirus type 14 appears to fall into this category (4a 
